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Stability of chemically-available fluoride in Chilean toothpastes 
 
Summary 
 
 
Objectives. To 
compare 
remineralization 
potential 
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of topical fluoride 
varnishes with 
added calcium 
phosphate-based 
delivery systems 
on artificial Au
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enamel caries. 
Methods. Human 
enamel specimens 
(n = 60) were 
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randomly divided 
into six groups: 
Group 0: Control 
(no varnish), Group 
1: Duraphat 
â 
, Group 2: MI 
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Varnish 
TM 
, Group 3: Embrace 
TM 
Varnish, Group 4: 
Enamel Pro 
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Varnish, and Group 
5: Clinpro 
TM 
White 
Varnish. 
Specimens were 
Au
th
or
 M
an
us
cr
ip
t
 This article is protected by copyright. All rights reserved 
immersed in 
demineraliz- 
ing solution for 96 
h to create artificial 
caries lesion. 
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Each specimen was 
then immersed in 
artificial sal- 
iva for 6 h after 
fluoride varnish 
application and pH Au
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cycling was 
performed for 8 
days. Specimens 
were 
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evaluated using 
Knoop surface 
microhardness 
(KHN) and 
transverse 
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microradiography 
(TMR). 
One-way ANOVA 
test was performed 
to examine the 
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effect of fluoride 
varnishes on 
change in 
percentage 
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of surface hardness 
recovery (%SHR), 
change in 
lesion depth 
(DLD), and change 
in mineral loss Au
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(DDZ) with the 
significance limit 
set at 5%. 
Results. %SHR of 
enamel following 
treatment Au
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with Group 1 was 
significantly higher 
than Group 
3 and Group 4. 
Conversely, DLD 
and DDZ of Au
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Group 1 were 
significantly higher 
than Group 2, 
Group 3, and 
Group 4. No 
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significant 
differences 
in %SHR, DLD, 
and DDZ were 
found between 
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Group 1 and Group 
5. 
Conclusions. 
Duraphat 
â 
alone achieves 
significant A
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remineralization of 
enamel carious 
lesions. Clin- 
pro 
TM 
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White Varnish had 
similar enamel 
reminer- 
alization effect as 
Duraphat 
â 
. 
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Background. Storage time may reduce the amount of soluble fluoride (F) in 
toothpastes. Although we previously studied the type and concentration of F in fresh 
samples of commercial Chilean toothpastes, their stability was not determined. Aim. 
To evaluate the stability of soluble F in Chilean toothpastes after one year of storage. 
Design. All the toothpastes (n=30) previously used were re-analyzed after one year 
of storage time at room temperature (±22ºC). Total F (TF=soluble F + insoluble F) 
and the total soluble F (TSF=F ion + MFP ion) were assessed using an ion-specific 
electrode, through a validated methodology. Data were expressed in ppm of F (mg 
F/kg). Results. Mean (±SD; n=30) TF and TSF concentrations after storage were 
1,049±427 and 987±411 ppm F, respectively. Five toothpastes showed between 
30% to 50% of insoluble F, 4 of them formulated with MFP/calcium-based abrasive. 
In 2 products, there was a reduction of TSF below the evidence-based anticaries 
effectiveness threshold of 1,000 ppm F. Conclusions. Although most of the 
toothpastes tested kept their original TSF content after one year of storage, some 
products evidenced an important reduction, which may compromise their anticaries 
efficacy. Reductions in TSF may be explained by an incorrect F salt-abrasive 
formulation. 
 
Keywords: Fluoride; Dentifrices; Sodium fluoride; Monofluorphosphate; Calcium 
carbonate; Dental caries; Soluble fluoride.  
 
 
Introduction 
 
Caries decline observed in various countries coincides with the introduction 
of fluoridated (F) toothpastes1-3, which is considered the most reasonable method to 
deliver fluoride4,5. Although regular toothbrushing with F toothpastes is crucial in 
aiding caries prevention measures6,7, to achieve evidence-based effectiveness in both 
the primary8 and permanent dentitions9,10, toothpastes should contain at least 1,000 
ppm F. Conventional dentifrices with F concentrations between 1,000 and 1,500 ppm 
F may be used at all ages, being careful to use small amounts (0.1-0.3 g) in 
children5,11. Moreover, the caries-preventive effect of F toothpastes seems to be 
independent of the type of F salt used, i.e. sodium fluoride (NaF) or 
monofluorphophate (MFP)6,9.  
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The caries preventive effect of toothpastes is related with the F bioavailability, 
which is directly associated with the amount of total soluble F (TSF)5,12. The soluble F 
fraction is the active compound involved in reducing demineralization and enhancing 
remineralization13-16. Hence, the anti-caries potential of F dentifrices can be 
compromised if the F ion is not chemically available or soluble. Lack of availability of 
soluble F in toothpastes may derive from an inadequate formulation and/or loss of 
stability14,17. Chemical stability of TSF incorporated in the original formulation is 
greatly influenced by the type of abrasive and its compatibility with the fluoridated 
agent. TSF can be present as ionic free (e.g. F in NaF) or in its ionizable form (e.g. 
FPO3
2- in NaFPO3 (MFP)). The ineffective insoluble F (InF) fraction can be generated 
when calcium-based abrasives react with the F contained in the tube, forming calcium 
fluoride (CaF2) and decreasing TSF
14. To avoid this undesired reaction, NaF-
containing toothpastes are commonly formulated with inert compounds, such as 
silica-based abrasives. Conversely, toothpastes formulated with calcium-based 
abrasives must use MFP as the source of F, because the covalent bond between F 
and phosphate avoids an immediate reaction between F and calcium (Ca++)14,18. 
Although the simultaneous presence of Ca++ and MFP in a dentifrice should be stable 
over time, it is possible that MFP undergoes hydrolysis within the tube during 
storage, releasing F ions to form inactive CaF2
5,19. Hence, monitoring TSF content in 
commercial dentifrices becomes needed to guarantee anti-caries activity of 
toothpastes at all times.   
We previously investigated the F content and the formulation of several 
toothpastes sold in Chile intended for children20 and for the general population21. 
Most toothpastes were formulated either with NaF (70% of samples) or MFP (30% of 
samples) as their source of F. Our results showed that most toothpastes had 
concentrations of TSF that closely matched their content of total F (TF). The stability 
of TSF in those toothpastes, however, has never been tested and no information is 
available. Given the importance of maintaining optimal concentrations of F in a 
toothpaste to achieve the expected anti-caries effect and some evidence showing 
reduction of TSF after storage18, the aim of the present study was to evaluate the 
stability of TSF contained in dentifrices commercially available in Chile after one year 
of storage time.  
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Materials and Methods 
 
Toothpastes tested. Samples were obtained from the three main chain drugstores 
in Chile. A total of thirty toothpastes were found belonging to fourteen brands. Only 
toothpastes that were simultaneously available at the three drugstores were 
purchased. Thus, toothpastes intended for children (n=12)20 and for the general 
public (n=18)21 were purchased in triplicate, one tube from each store. Toothpastes 
were coded to allow blind analysis. At baseline, all the products were analyzed for F 
availability after the toothpastes were purchased and the results were published20,21. 
After the initial analysis, toothpastes were maintained in a box and stored in 
laboratory facilities for one year at room temperature (±22ºC), simulating shelf 
conditions in a store or at home. After storage, toothpastes were analyzed again to 
assess the content of the different F fractions.  
 
Fluoride preparation. Measurements of TSF, which represents the F available as 
ion F- and/or ion MFP (FPO3
2-), and TF that corresponds to the sum of TSF and InF, 
were carried out. All the analyses were made in duplicates according to a vastly used 
protocol18,22,23. Briefly, toothpastes were weighed (100±10 mg) and homogenized in 
10.0 mL of deionized water. TF was obtained by mixing 0.25 mL of the suspension 
with 0.25 mL of 2 M HCl and kept during 1 h at 45°C to induce MFP ion breakdown 
into F ion and to dissolve InF bound to the abrasive. The mixture was neutralized 
using 0.5 mL 1 M NaOH and buffered with 1 mL TISAB II (1 M acetate buffer, pH 5.0, 
containing 1M NaCl and 0.4% CDTA (cyclo- hexylenedinitrilo tetraacetic acid)). To 
obtain TSF, the toothpaste suspension was centrifuged (10 min at 3,000 g) at room 
temperature to remove InF and to obtain a supernatant for the next analyses. An 
aliquot of 0.25 mL of the supernatant was mixed following the same abovementioned 
procedures. 
F assessment. A F electrode (Orion model 96-09, Orion Research, Cambridge, MA, 
USA) coupled to an ion analyzer (Orion EA-740, Orion Research, Cambridge, MA, 
USA) was used to determine F concentration of TF and TSF fractions. To perform the 
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measurements, F electrode was first calibrated using F standards containing 0.06 to 
8.0 ppm F. Standards were prepared with the same reagents used to analyze the 
samples. A linear regression equation was obtained from the standards (r2>0.999), 
so units from the measurements (mV) could be converted to F concentrations 
expressed as ppm F (µg F⁄ g toothpaste). The concentration of InF was obtained 
subtracting TSF from TF and its percentage calculated by the formula %InF = 
(InF)/(TF)100. Mean concentration of F and the standard deviation (SD) were 
calculated for each toothpaste using Excel spreadsheet (Microsoft) and results were 
presented in comparison with those previously obtained with the fresh samples.   
 
 
 
 
 
 
Results 
 
Table 1 shows the results for TF and TSF after 1 year of storage (aged samples) and 
their respective baseline values evaluated immediately after purchase (fresh 
samples)20, 21. The concentration of InF for each condition (fresh and ages samples) 
is shown in Figure 1. In the aged toothpastes, TF content ranged between 1554±7.8 
to 277±212 ppm F, which are relatively close to the TF concentration declared in the 
labels (1,450 to 422 ppm F). Product #27 was the exception, as it displayed a TF 
concentration three times higher than the F concentration declared in the label. In 
general, TF concentration remained stable after one year of storage. Conversely, TSF 
had relevant fluctuations across the aged samples. Indeed, TSF content in these 
products ranged between 1474.6±34.2 and 229.7±3.2 ppm F. An accentuated 
variation from fresh to aged occurred in toothpastes #4, #16, #27, #28 and #30, 
that showed a decrease in TSF content and consequently an increment in InF (Figure 
1). 
 
Toothpaste #4, formulated with MFP, displayed the most dramatic decrease in TSF, 
from 958.8±82 to 630±63.3 ppm of F (Table 1), which corresponds to 29% of InF in 
the fresh condition and 52% InF in the aged condition (Figure 1). Toothpastes #16 
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formulated with MFP and #27 made with NaF, showed an increase in the %InF from 
26% to 31% and from 28% to 37%, respectively. Despite the decrease, TSF in those 
two toothpastes remained close to 1,000 ppm F (977.7±30.4 for #16 and 895.6±198 
for #27). Toothpastes #28 and #30, both containing MFP as the source of F, are low 
F concentration toothpastes and had an increase of InF after storage from 28% to 
46% and from 30% to 53%, respectively. TSF content in those toothpastes was very 
low (264.3±52.5 for #28 and 229.7±3.2 for #30) after one year of storage. 
Discussion 
 
To achieve the desired caries-preventive effect, fluoridated toothpastes must contain 
soluble F in enough quantities5. The importance of determining F concentrations in 
toothpastes and its stability over time as quality control has been being 
highlighted18,24-26. Since toothpastes are maintained in the store or at home for 
variable times, it is important to ensure that they contain enough TSF until the 
toothpaste is purchased and used. In this study, we evaluated the stability of TSF 
content after one year of storage under normal shelf or home conditions. Most of the 
toothpastes marketed in Chile were included in this evaluation. In a previous 
publication20, we had reported and discussed that the Chilean regulation was not in 
consistency with the best available evidence. After several discussions and analyses 
along with the dental health authority, the regulation for F toothpastes sold in Chile 
was recently modified27. These guidelines currently recommend that toothpastes 
intended for children of any age should contain F concentrations between 1,000 and 
1,500 ppm F (conventional F concentration)27. The old Chilean regulation28 intended 
to reduce the risk of fluorosis by using a lower F concentration toothpaste under 6 
years of age29. It has been widely acknowledged, nonetheless, that low F toothpastes 
are both, not effective in reducing caries9,30 and incapable of preventing fluorosis31. 
 
Currently, national and international regulations specify the upper limit or a range for 
total F that a toothpaste must contain. However, the minimum concentration of TSF 
should be also incorporated to the regulations32. The reduction of the caries-active 
fraction (i.e. TSF), below the evidence-based threshold of 1,000 ppm F after aging 
(Figure 1), could compromise the anticaries potential of a fluoridated dentifrice8,9. 
Hence, toothpaste #4 that exhibited an important reduction of TSF (630 ppm F), may 
well be ineffective against caries. Toothpastes #16 and #27 had a decrease in the 
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soluble fraction of F, with an important increase in InF, but they might remain active 
since TSF was slightly below 1,000 ppm F. Most toothpastes had an appropriate 
combination of the F salt and the abrasive (MFP/calcium-based abrasive or 
NaF/silica-based abrasive), except for products #16 and #27. It is likely that the 
problem in the formulation may have resulted in a high InF fraction in the fresh 
condition. Product #16 is fabricated with both F salts (MFP and also NaF) and a 
calcium-based abrasive. Thus, while MFP would prevent InF formation, NaF can react 
and form the compound. Likewise, product #27 has NaF and silica/calcium-based 
abrasive in its formulation. It is reasonable that the high InF concentration is due to 
the reaction between NaF and the calcium-based abrasive. Inside the tube, NaF is 
transformed to its ionic form (F-), which in turn can react with Ca++ from the 
abrasive, forming caries-inactive and insoluble CaF2. Besides the inappropriate 
formulation of product #27, it was marketed as a low-F toothpaste intended for 
children (450 ppm F declared in the package). The TF content, however, was about 
1,400 ppm F and TSF was about 900 ppm after one year of storage. Discrepancies, 
like these must serve as an alert for national health systems. Regulatory entities in 
the countries should incorporate technical capacities to systematically monitor 
imported or nationally-manufactured products. Toothpastes #28 and #30 formed a 
high amount of InF, which reduced even more the originally low F concentration of 
about 450 ppm F, to a very low F concentration of about 250 ppm F. Importantly, the 
European Academy of Paediatric Dentistry (EAPD) recommends low-F dentifrices in 
children between 6 months and 2 years old33. Thus, the very low TSF concentrations 
found in dentifrices #28 and #30 could make these products ineffective against 
caries. Toothpastes in children are intended to be used in small amounts and for that 
reason they could last longer at home than adult’s toothpastes. If that were the case, 
optimal TSF levels must be ensured, so active F is available during longer storage 
periods. 
Consistent with other similar studies19,34, we decided to use one year as a reasonable 
time to experimentally age a toothpaste and to evaluate its F stability. This time 
frame is a realistic maximal storage time for a toothpaste before it is sold, as most of 
these products are generally purchased a few weeks after being placed in the shelves 
of the stores. We are aware, nonetheless, that the fabrication date for a toothpaste 
placed in a shelf before being purchased may be highly variable. This issue is 
deepened below. The issue of the storage temperature is not easy to control and may 
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represent an important source of variability across the commercial products.  We 
chose to store at 22ºC, as this may be a realistic temperature inside a supermarket 
or drugstore, where temperature is usually maintained through air conditioning 
systems, at least during the day.   
 
The Chilean regulation demands that toothpastes contain the expiration date in the 
labeling27, but not the fabrication date. We found that most toothpastes declared the 
expiration date (Table 1). However, only 3 out of 30 samples declared both the 
fabrication and expiration date. According to ISO, Chilean, Brazilian, American and 
European organizations18,35, fluoridated toothpastes are cosmetics products and they 
should not be sold after three years from being produced. However, when it was 
possible to match both dates, we found that the valid period for use, according to the 
manufacturer, was two years instead of three, as the regulation states. Due to these 
inconsistences (3 or 2 years), we avoided speculative estimates on the fabrication 
date when it was not explicitly declared (27 out of 30 samples). After one year of 
storage, 19 out of 30 toothpastes (63%) were still within their valid period, according 
to the declared expiration date on the label. Some toothpastes (37%) had at least 
one tube that expired during the storage period and we found that it varied between 
one month to almost a year after expiration date (product #1, #5, #11, #12 and 
#28 between 9 -11 months after expiration; product#30 between 6-9 months after 
expiration; products #6, #9, #16 and #19 between 3-5 months after expiration and 
product #10, 1 month after expiration). Yet, among the expired toothpastes, only 
#16 and #28 showed a significant increase in InF (Fig. 1). The latter may be likely 
related to the MFP/calcium based abrasive composition, which reduced TSF after 
storage.  
 
One of the reasons that led us to conduct this aging study is the fact that 
MFP/calcium based abrasive formulations are extensively used in developing 
countries3,19,22,23, with reported TSF lack of chemical stability18,19. MFP/calcium may 
be considered a low-cost option for toothpaste manufacturing, because calcium-
based abrasives are of lower cost than silica, which allows better access to these F-
containing products by disadvantaged populations. In dentifrices that use silica as 
the only abrasive in the formulation, all F will be found as soluble23. In our study, 
most of the toothpastes with an important reduction in TSF were MFP-formulated 
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combined with calcium-based abrasive (4 of out 5 products). Although F is covalently 
bound MFP-based toothpastes, the MFP molecule is not totally stable and hydrolysis 
inside the tube over time may occur14. This chemical change leads to a reduction in 
the levels of TSF by the formation of InF with the Ca from the abrasive18,19,22,36.  
It is of importance to mention that not all the formulations containing MFP/calcium 
showed a reduction in the TSF concentration. For example, toothpastes #5 (all tubes 
expired), #10 (one tube expired and others with two months before expiration date) 
and #19 (all tubes expired) were all MFP/carbonate-formulated. After aging for one 
year at room temperature, all these products were relatively stable exhibiting TSF in 
higher concentrations than 1,000 ppm F. Other studies suggest that TSF is 
maintained above 1,000 ppm F in MPF/calcium-based abrasive toothpastes during 
the first year after manufacturing24 and the reduction in TSF occurs when the product 
nears the expiration date18. Thus, MFP allows compatible formulations using calcium-
based abrasive5, so this formulation is appropriate and can still be recommended. 
Yet, dental practitioners must be aware that the expected anticaries effect of these 
products may be compromised if exposed to high temperatures (>28.9°C)19 or long 
storage periods18.  
 
TSF content should be continuously verified and monitored in toothpastes 
manufactured and sold in specific countries or areas, as other reasons can affect F 
stability in toothpastes. In fact, differences in F stability over time among the 
different commercial products may arise from specific local conditions in the 
production with inadequate quality control, use of cheaper ingredients, weak 
regulations, problems in the distribution, slow turnover resulting in sales near or 
beyond the expiration date and high storage temperatures26. For all these reasons, 
optimal quality control on manufacturing and distribution is mandatory and requires 
technical capacity and strong national regulations. Commercial products should 
comply with minimum labelling and packaging requirements, such as ISO Standard 
1160926,35. It is relevant that manufacturers clearly label the expiration date in the 
tube, so consumers can be informed about the quality of the product to achieve the 
expected effect on caries.  
 
In summary, our data indicate that consumers in Chile can be confident that most of 
the toothpastes being sold in the country are within the valid usable period. After one 
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year of storage, the majority of the toothpastes evaluated had similar TSF to the 
initial declared and measured values without any relevant degradation during the 
evaluation time, with only few exceptions. The reduction of TSF was mainly due to an 
inadequate F salt/abrasive formulation or to MFP hydrolysis inside the tube during 
prolonged storage. Active soluble F concentration in commercial dentifrices must be 
routinely monitored and regulated to guarantee the expected caries-preventive 
effect.    
 
 
Why this paper is important to paediatric dentists.  Besides the analyses included in the article, this study describes relevant aspects 
about toothpaste composition that every clinician must be aware of. Discussions on 
the availability of F generate important knowledge, so dentists can provide informed 
recommendations to patients and their parents.   Despite regulations and quality control, some few products may have important 
reductions in active F upon storage. Therefore, information on F stability upon 
storage is relevant to understand a potential loss of efficacy of toothpastes.   Clinicians must be careful in recommending products adequately formulated and in 
providing information on how to read labels to avoid using products beyond their 
expiration date, particularly those formulated with MFP.  Moreover, concepts on the 
evidence-based minimal F concentration of 1,000 ppm need to be reemphasized.     
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Figure Legends 
 
Figure 1. Total soluble fluoride (TSF) and insoluble fluoride (InF) in fresh and aged 
toothpastes (mean of 3 tubes analyzed in duplicate) (Table 1). Bold black line 
highlights the anticaries effectiveness threshold of 1,000 ppm F. 
 
Tables 
Table 1:  Total F and total soluble F measured in fresh and aged toothpastes (n=3 
tubes analyzed in duplicate; mean ± SD).  
 Commercial name Co F Expiration Total F Total F Total soluble F 
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Fresh Aged Fresh Aged 
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Sensodyne  Proteccion Total 1 NaF 09.10 1,450 1,329.3 ± 30.7 1,339.6 ± 31.8 1,347.1 ± 38.0 1,401.3 ± 41.0 
Yucral Dumadores 2 NaF 01-07.12 1,450 1,397.4 ± 31.7 1,419.3 ± 24.3 1,443.5 ± 34.5 1,474.6 ± 34.2 
Colgate Total 12 professional 
Clean 3 
NaF 02-12.12 1,450 1,386.0 ± 78.0 1,327.8 ± 36.7 1,361.9 ± 10.6 1,308.0 ± 60.4 
Pepsodent Xtra Whitening 4 MPF 0.6-11.12 1,450 1,359.0 ± 120 1,319.7 ± 56.7 958.8 ± 82.0 630.0 ± 62.1 
Aquafresh Triple Protection Kids 
Bubblemint 5 
MPF 09.10-02.11 1,100 1,124.5 ± 73.5 1,006.5 ± 63.5 1,125.0 ± 71.0 1,003.6 ± 87.8 
Sensodyne Blanqueador Extra 
Fresh 6 
NaF 04.11 1,384 1,346.0 ± 59.0 1,370.2 ± 22.3 1,408.5 ± 87.5 1,433.9 ± 10.6 
Pepsodente Doble Frescura 7 NaF 05-07.12 1,450 1,334.8 ± 94.1 1,358.4 ± 65.8 1,356.7 ± 59.2 1,389.2 ± 83.1 
Pepsodent 3generation 8 NaF 02.11-10.12 1,450 1,387.8 ± 57.7 1,366.8 ± 7.0 1,395.9 ± 32.1 1,362.4 ± 28.0 
Aquafresh White & Shine 9 NaF 03.11 1,100 1,095.6 ± 55.3 1,072.1 ± 36.2 1,116.4 ± 38.0 1,101.9 ± 29.5 
Aquafresh Triple Protection 
Toothpaste 10 
MPF 06-09.11 1,100 1,150.0 ± 71.0 1,023.1 ± 30.4 1,149.8 ± 84.6 1,040.9 ± 18.4 
Aquafesh Triple Protection 
Advanced 25% stronger 11 
NaF 09-10.10 1,100 1,028.1 ± 26.8 1,046.5 ± 8.6 1,064.0 ± 25.6 1,060.7 ± 12.3 
Aquafresh Extreme Clean 12 NaF 08.10-0.3-11 1,125 1,008.2 ± 5.2 1,035.9 ± 28.6 1,029.5 ± 26.2 1,036.9 ± 24.9 
Aquafresh Ultimate White 13 NaF 07.11 1,100 1,087.5 ± 63.2 1,083.6 ± 24.7 1,108.6 ± 34.5 1,099.8 ± 34.0 
Colgate MaxWhite 14 NaF 08.11 1,450 1,474.0 ± 44.0 1,398.1 ± 45 1,471.8 ± 18.9 1,399.0 ± 44.1 
Colgate Total 12 professional 
Clean Mint 15 
NaF 03-10.12 1,450 1,505.9 ± 26.6 1,383.8 ± 3.3 1,496.3 ± 55.0 1,420.7 ± 2.7 
Colgate Máxima Protección 
Anticaries 16 
MPF
/NaF 
03-09.11 1,450 1,484.8 ± 10.2 1,428.8 ± 39.0 1,092.9 ± 29.9 977.9 ± 30.4 
Pepsodent White Now 17 NaF 07-08-12 1,450 1,425.7 ± 40.9 1,348.5 ± 31.3 1,486.4 ± 39.7 1,388.3 ± 26.2 
Pepsodent Doble Frescura 
Acquamint 18 
NaF 05-07.12 1,450 1,399.7 ± 7.8 1,339.3 ± 16.1 1,455.3 ± 11.0 1,365.2 ± 24.2 
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Aquafresh Kids 19 MFP 03-08.12 1,100 1,149.3 ± 30.0 1,026.8 ± 16 1,199.2 ± 14.2 1,028.4 ± 21.2 
Pepsodent (7-13) 20 NaF 04-12.13 1,450 1,534.5 ± 44.3 1,554.9 ± 7.8 1,480.5 ± 146.4 1,457.0 ± 88.5 
Pepsodent Minipep (2-6) 21 NaF 09.13-01.14 500 508.1 ± 32.0 506.0 ± 5.0 534.7 ± 49.8 511.4 ± 8.2 
Colgate Junior 22 NaF 11-12?β 1,100 1121.4 ± 56.0 1,102.4 ± 28.8 1,145.4 ± 37.5 1,113.6 ± 38.9 
Frutillita Gel dental 23 MFP 11-12.13 422 380.8 ± 30.7 277.0 ± 212.0 376.0 ± 54.0 276.5 ± 212.1 
Dento Pasta dental 24 NaF 03-06.13 500 508.2 ± 11.7 531.5 ± 11.8 523.0 ± 16.4 543.2 ± 7.2 
Dento Gel dental 25 NaF 10-11.13 500 498.6 ± 39.8 503.3 ± 15.6 501.3 ± 71.6 488.1 ± 55.2 
Oral B Stages 26 NaF 07.11-09.13 500 472.0 ± 29.4 502.2 ± 11.1 488.9 ± 26.9 517.2 ± 26.9 
Oral fresh Kids 27 NaF 03-07.13 450 1,450.5 ± 153 1,423.8 ± 116 1,035.1 ± 171.5 895.6 ± 198 
Plaza Sésamo (Crema) 28 MFP 10-11? β 475 467.1 ± 37.0 493.5 ± 6.6 335.9 ± 51.0 264.3 ± 52.5 
Plaza Sésamo (Gel) 29 MFP ND 422 440.2 ± 18.9 413.2 ± 29.2 453.0 ± 15.8 415.3 ± 24.9 
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Stickland para niños 30 MFP 01.12? β 475 474.2 ± 36.3 490.5 ± 3.1 330.2 ± 51.6 229.7 ± 3.2 
NaF: sodium fluoride; MPF: monofluorphophate 
§ Expiration date is described as month.year or month-month.year when different lots had different expirations dates (range). 
β the date was not clear in the label.  
ND: not declared in the label. 
Toothpastes commercialized for general public were analyzed in 07.10 (fresh) and 07.11 (aged) 
Toothpastes commercialized for children were analyzed in 07.11 (fresh) and 08.12 (aged) 
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